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Abstract
In this paper, we investigated the relationship between different levels of sleep and the risk of suicide among depressive 
patients. The sample consisted of 301 adults with depression who were recruited from a hospital in Ningxia, China. The 
Pittsburgh Sleep Quality Index (PSQI) and the Self-Rating Depression Scale (SDS) were applied to evaluate the quality 
of sleep and the degree of depression. The Suicidal Risk Factor Assessment Form evaluated suicide risk. A Latent Class 
Analysis (LCA) has been performed with MPLUS 7.0 to investigate the most probable category of the PSQI sub-scales. 
Multivariate Logistic Regression was applied to analyse the relation between Sleep Quality and Suicide Hazard in Adult 
Depressive Patients. Classes identified were “Global sleep impairment”, “Poor sleep quality”, “Short sleep duration” and 
“Good sleep quality.” Patients with poor overall sleep quality and clear daytime dysfunction had a higher risk of suicide 
than those with good sleep quality. The results are helpful in understanding the relationship between the variability of sleep 
patterns and the risk of suicide among depressed people, and it is suggested that some sleep variables may have a higher 
predictive value than others. The results will provide guidance on how to improve and implement therapy for depressive 
disorders in adults, and to lower suicidal rates.
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Introduction

Suicide is a widespread public health issue, which causes 
over 700,000 deaths annually, and for every death due to 
suicide, there can be 20 times as many suicide attempts [1]. 
In China, suicide is responsible for over 74,000 deaths every 
year, and there is expected to be 102,500 suicides by 2050 
[2]. There is strong evidence that people with depression are 
at significantly increased risk of suicide [3, 4]. Furthermore, 
the U.S. Preventive Task Force recommended that a suicide 
risk evaluation be carried out in conjunction with depression 
screening [5]. In fact, up to 60% of depressed people will 
commit suicide and up to 20% will attempt suicide in their 
lifetime. About 3.4% of depression sufferers die by suicide 

[6]. Further, such rates have been found to increase with the 
level of depression [7]. In view of the relatively high risk of 
suicide in depressed people, Institute of Medicine (IOM) has 
identified suicide prevention as a matter of urgency and calls 
for action to identify evidence-based risk factors for suicide 
prevention [8]. Thus, the determination of the major risk fac-
tors for the development of depressed persons is critical to 
the identification of the highest-risk groups and appropriate 
intervention, since there is strong evidence that surveillance 
and proactive management of high-risk patients can lead to 
a reduction in suicide [9].

One associated feature of depression that may increase 
suicide risk is sleep disturbances [10]. More than 90% of 
patients with depression disorder experience sleep prob-
lems [11]. It has been reported that, compared to individu-
als without depression, those with depression have impaired 
sleep efficiency, sleep maintenance difficulties, reductions in 
slow wave sleep (SWS), disinhibition of rapid eye movement 
(REM) sleep, and circadian rhythm alterations [12]. Studies 
have suggested that sleep disturbances may be a separate risk 
factor for suicidal behavior in depressive patients [13]. A 
large number of research suggests that fewer hours of sleep, 
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bad dreams, the use of sleeping drugs, and feeling too cold 
while sleeping are independent factors for depressed people 
to commit suicide [14–17].

Some research has been done on sleep in hospitalized 
patients with depression, often using a variable-centered 
approach to evaluate sleep quality. One study, for instance, 
found that depression was associated with higher rates of 
sleep deprivation, bad sleep and sleeplessness. [18]. How-
ever, this method ignores the objective nature of sleep prob-
lem heterogeneity. Large sample epidemiology research has 
shown that there can be a number of possible combinations 
of sleep problems [19]. Alternatively, person-centred stud-
ies can provide insight into relevant sleep subtypes. Latent 
Classification Analysis (LCA) is useful in identifying hid-
den subsets of individuals with clear patterns of abuse sub-
types that are not readily observable [20]. Furthermore, no 
published trial has investigated the relationship between 
the diversity of sleep disorders in depressive patients and 
suicidal risk by means of a person-centred questionnaire. 
It is important not to underestimate the importance of iden-
tifying the heterogeneous nature of sleep problems among 
depressed people, since the definition of more specific sub-
types may facilitate the development of more efficient and 
more focused strategies for preventing suicide among high-
risk individuals, instead of using a generic method.

Therefore, based on a series of detailed variables such as 
type, frequency, and duration of sleep-related indicators or 
symptoms, the LCA method was used in this study to clas-
sify the best latent sleep categories of patients with depres-
sion and to analyze the relationship between sleep structure 
and suicidal risk in patients with depression. The results may 
help inform the design of specific suicide prevention inter-
vention strategies for patients with depression who exhibit a 
homogeneous sleep structure, to maximize the intervention 
effect, and to provide a more reasonable basis for improving 
sleep disturbances among patients with depression, thereby 
decreasing the risk of suicide.

Participants and methods

The participants of the current study were aged 18–60 years 
and were recruited from a general hospital in Ningxia. Hos-
pital institutional review board approval was obtained, and 
all participants gave oral informed consent before complet-
ing study assessments. Trained researchers administered 
the test measures and a demographic questionnaire to the 
participants. The analytic sample in this study consisted of 
301 adults with a diagnosis of depression, which excluded 
individuals who had missing key information on sleep status 
or risk of suicide. Finally, the data of all participants entered 
the LCA analyses.

Measurements

Pittsburgh sleep quality index (PSQI)

We used the Pittsburgh Sleep Quality Index (PSQI) to 
measure the sleep status of the participants in the past 
month. This index consists of 19 items that encompass 
seven domains of sleep quality: subjective sleep quality, 
sleep duration, sleep latency, habitual sleep efficiency, 
sleep disturbances, use of sleeping medication, and day-
time dysfunction. The global score was obtained by sum-
ming the component scores, and higher PSQI scores indi-
cated poorer sleep quality. For the studied dimensions, 
scores ≥ 2 indicated the existence of a problem [21] (Cron-
bach’s alpha = 0.676).

Self‑rating depression scale (SDS)

The Self-Rating Depression Scale (SDS) comprises 20 
items that evaluate symptoms of depression [21]. The 
instrument has been validated in a Chinese population 
[22]. Participants were asked about the frequency of a 
certain symptom according to how they felt during the 
preceding seven days. Responses to each item were ranked 
from one (none or little of the time) to four (most or all 
of the time), with higher scores corresponding to more 
frequent symptoms. The sum of the scores of all items was 
the raw score, and the final index score was converted by 
multiplying the raw score by 1.25 and then rounding the 
decimal places (Cronbach’s alpha = 0.844).

Suicidal risk factor assessment form

The Suicidal Risk Factor Assessment Form items assessed 
three suicide risk domains: Class I risk factors (including 
suicidal ideation, suicide attempts, self-evaluation, sui-
cidal behavior, hopelessness, helplessness, and alcohol/
drug abuse), Class II risk factors (including age, sex, mari-
tal status, occupational status, and health status), and Class 
III risk factors (including interpersonal relationships, fam-
ily support, interpersonal relationships, self-knowledge, 
personality traits, career achievements, and stress events). 
The form yielded a maximum possible score of 43. A total 
score of 11 or higher was indicative of suicide risk (Cron-
bach’s alpha = 0.840). However, it is impossible to clearly 
distinguish between patients with recovering major depres-
sion and patients with major depressive episodes.
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Socio‑demographic characteristics

Participants’ demographic characteristics included age, 
sex, marital status, educational level, and residence sta-
tus. Measures of sociodemographic characteristics are 
provided in the Supplementary Materials.

Statistical analysis

Statistical analyses were performed using SPSS version 
25.0 and Mplus 7.0. Firstly, we investigated the best latent 
classes of potential sleep quality categories by fitting mod-
els to a range of potential categories. Potential categories 
for inclusion included sleep quality, sleep latency, sleep 
duration, habitual sleep efficiency, sleep disturbance, use of 
sleep medication, and daytime dysfunction. These are all 
continuous variables. The optimal number of classes was 
determined based on model fit statistics (Akaike Informa-
tion Criterion [AIC], Bayesian Information Criterion [BIC], 
adjusted Bayesian Information Criterion [aBIC], Lo-Men-
dell-Rubin value [LMR], and entropy), and interpretability 
of the latent classes. Second, differences in sleep quality 
in relation to partial demographic characteristics and SDS 
scores were compared using one-way ANOVA and chi-
square tests. Post hoc tests were conducted using Bonferroni 
correction for multiple comparisons. Finally, associations 
between latent classes and the risk of suicide were examined 
using logistic regression analysis.

Results

Participants’ characteristics

The mean age of the 301 participants (93 males, 208 
females) was 32.93 years (SD = 10.148); 217 participants 
with a suicide risk score of 11 or greater; most were married 
(N = 177, 58.8%) and more than a third were single (N = 104, 
34.6%), while the rest were divorced/widowed (N = 15), and 
five participants did not disclose their current marital status. 
Most participants (N = 175) had a university degree or above, 
while 46 participants did not disclose their education level. 
Most participants (N = 282, 93.7%) resided in urban areas, 
with the remainder living in rural areas (N = 15, 5.0%); four 
participants did not disclose their residence type. Further 
details are provided in Table 1.

Latent class models of sleep quality

The results of the model fit are shown in Table 2. Four cat-
egories were chosen to be the best-fit model on the basis of 
model fit statistics (lowest AIC and aBIC values), accept-
able entropy, and highly interpretable classification. Figure 1 

illustrates the likelihood of a latent-class item. Class 1 
(global sleep impairment class; 51.8%) included adults who 
reported poor subjective sleep quality, longer sleep latency, 
short sleep duration, suboptimal sleep efficiency, palpable 
sleep disturbances, and more frequent use of sleep medi-
cines. While sleep quality and sleep latency scores were 
lower than Class 1, daytime dysfunction problems were 
slightly more severe than it, thus Class 2 (poor sleep quality 
class; 28.6%) consisted of participants with the highest prob-
ability of daytime dysfunction. Class 3 (short sleep duration 
class: 7.6%) included adults who had a significantly shorter 
sleep time. Class 4 (good sleep quality class; 12.0%) con-
sisted of adults who had the lowest probability of most sleep 
problems. They also had the highest sleep mass.

Between‑group analyses

Descriptive and between-group statistics are shown in 
Table 3. One-way ANOVA and Chi-squared tests indicated 
that there were significant differences in the distribution of 
age, SDS scores, and PSQI scores (including seven major 
sleep problems) across the identified classes. Pairwise com-
parisons were subsequently subjected to Bonferroni correc-
tion. These tests showed that only Class 2 (poor sleep quality 
class) differed from the other three groups. Class 1 and 2 had 
the highest percentages of depression status and poor sleep 
affecting daily life (P < 0.05), Class 1 (global sleep impair-
ment class) had the highest percentages of sleep quality, 
sleep latency habitual sleep efficiency, and PSQI total scores 
(P < 0.001), while Class 3 (short sleep duration class) had 

Table 1  Clinical and socio-demographic characteristics of the sample 
(N = 301)

M (SD) N %

Age 32.93 (10.148)
Sex Male 93 30.9

Female 208 69.1
Marital status Single 104 34.6

Married 177 58.8
Divorce/widowed 15 5.0
Not assessed 5 1.6

Education Primary school 14 4.7
Junior high school 66 21.9
College or above 175 58.1
Not assessed 46 15.3

Residence Urban 282 93.7
Rural 15 5.0
Not assessed 4 1.3

SDS 56.16 (5.599)
PSQI 14.18 (3.995)
Suicidal risk 14.12 (6.941)
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the lowest rates of poor sleep duration (P < 0.001). Classes 
1 and 2 also performed worse than Classes 3 and 4 for sleep 
disturbances (P < 0.001). Finally, for the use of sleep medi-
cation, Class 1 differed from Class 2, 3, and 4, whereas use 
was not significantly different among the final three classes 
(P < 0.001). Hence, age and SDS scores were included as 
covariates in the subsequent analyses.

Logistic regression analyses

Table 4 shows that Class 1 and Class 2 had higher odds of 
risk of suicide than Class 4 (Good sleep quality class; Class 
1 OR = 2.369, 95% CI = 1.135, 4.945; Class 2 OR = 2.727, 
95% CI = 1.222, 6.087), while the odds for Class 3 approxi-
mated those of Class 4. In addition, after adjusting for 
covariates (age, gender, and depression level), compared to 
Class 4, the risk of suicide was 2.642 times higher for Class 

1 and 2.427 times higher for Class 2 (Class 1 OR = 2.642, 
95% CI = 1.211, 5.766; Class 2 OR = 2.427, 95% CI = 1.052, 
5.599).

Discussion

The main focus of our study was to explore latent sleep 
patterns using LCA, which are defined as latent homoge-
neous subsets in a population of depressed patients based 
on their individual responses to the 7 PSQI components. 
More importantly, we examined the relationship between 
the underlying relationship of sleep disturbances and the risk 
of suicide among depressed people. Our evidence showed 
that patients with Class-1 (Global sleep impairment class) 
and Class-2 (Poor sleep quality class) sleep disorders had 

Table 2  Fit statistics of LCA solutions (N = 301)

The values in the LMR columns are the P values related to LMR, comparing the fit between models
AIC Akaike information criterion, BIC Bayesian information criterion, aBIC adjusted Bayesian information criterion, LMR Lo-Mendell-Rubin, 
LCA latent class analysis

Class AIC BIC aBIC LMR Entropy Profile prevalence

1 2 3 4 5 6

1 2108.373 2134.323 2112.123
2 1951.591 2007.197 1959.626  < 0.05 0.741 0.75748 0.24252
3 1934.345 2019.609 1946.666  < 0.05 0.682 0.17276 0.28571 0.54153
4 1929.990 2044.910 1946.596  < 0.05 0.717 0.51827 0.28571 0.07641 0.11960
5 1937.718 2082.295 1958.609  > 0.05 0.740 0.11960 0.01661 0.29236 0.05648 0.51495
6 1941.925 2116.159 1967.102  > 0.05 0.808 0.04983 0.04983 0.07309 0.16279 0.38206 0.28239

Fig. 1  Four-class model and 
probability of seven sleep char-
acteristics within each class
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a higher risk of suicide than those without sleep disorders, 
even when adjusting for sex, age, and depression severity.

Several studies have provided convincing evidence that 
sleep is heterogeneous in the population [23, 24]. Our results 
indicate that there is heterogeneity in sleep problems among 
patients with depression. Similar to previous studies, a high 
percentage of the sample (Class-1, Global sleep impairment 
class; 51.8%) reported poorer sleep quality. The proportion 
of participants reporting poor sleep quality in the study was 
higher than that reported by Zhou et al. [25]; this may be due 
to the heterogeneity of the sample since our study focused on 
adults with depression and their research participants were 
college students. People with mental disorders typically 
experience more sleep problems than people without such 
disorders [26]. Thus, clinicians should be alert to the pos-
sibility of poor sleep quality in patients with depression, par-
ticularly in those who present with multiple sleep problems. 
Next, we identified Class-2 (Poor sleep quality class) and 
Class-3 (Poor sleep duration class). Class-2, which included 
more than a quarter of our sample, was characterized by 
daytime dysfunction, good sleep duration, and habitual sleep 
efficiency. Members of Class-3 reported unsatisfactory sleep 
duration and sleep efficiency, as well as less clear sleep 

disturbances and less frequent use of hypnotic drugs. In 
addition to these three groups, the current report also iden-
tified Class-4 (Good sleep quality class). Despite not having 
consistent sleep problem characteristics, it should be noted 
that Class-2 and Class-3 had similar total scores. The results 
suggest that the application of overall scores may result in 
ignoring data associated with the heterogeneous nature of 
sleep. Thus, future work is needed to examine the different 
sleep problem characteristics in patients with depression, to 
optimize targeted intervention measures.

As patients with depressive disorder are very diverse, 
the demography and the state of depressive disorder have 
demonstrated a certain level of specificity in predicting 
the subtypes. Our results showed that participants with 
daytime dysfunction were younger than those in the other 
groups. One possible explanation is that young people 
sleep less at night, which may increase daytime sleepi-
ness and fatigue, leading to daytime dysfunction [27]. This 
is counter to Julia’s research, which found that daytime 
dysfunction showed no difference by age [28]. The cur-
rent findings indicate a potential age difference in daytime 
dysfunction among adults with depression. Moreover, our 
results showed that people who experienced more serious 

Table 3  Descriptive scores of four sleep characteristic classes (M (SD), N = 301)

Class-1 global sleep impairment class, Class-2 poor sleep quality class, Class-3 short sleep duration, Class-4 good sleep quality

Class-1 (N = 156) Class-2 (N = 86) Class-3 (N = 23) Class-4 (N = 36) F/X P value

Age 34.8 (10.9) 29.7 (8.8) 33.7 (9.0) 31.9 (8.0) 5.029 0.003
Sex
 Male 44 (28.2) 27 (31.4) 8 (34.8) 14 (38.9) 1.779 0.395
 Female 112 (71.8) 59 (68.6) 15 (65.2) 22 (61.1)

SDS 56.9 (9.3) 57.6 (9.1) 51.5 (11.9) 53.4 (8.2) 3.886 0.002
PSQI
 Sleep quality 2.6 (0.5) 2.4 (0.4) 1.5 (0.8) 1.1 (0.6) 82.881  < 0.001
 Sleep latency 2.8 (0.3) 2.6 (0.4) 2.0 (0.7) 1.3 (0.7) 90.753  < 0.001
 Sleep duration 2.8 (0.3) 1.3 (1.0) 2.4 (0.5) 0.4 (0.5) 178.482  < 0.001
 Habitual sleep efficiency 2.8 (0.3) 1.0 (0.9) 2.0 (1.0) 0.6 (0.7) 188.893  < 0.001
 Sleep disturbances 1.9 (0.7) 1.8 (0.6) 1.4 (0.5) 1.3 (0.5) 12.981  < 0.001
 Use of sleep medication 1.1 (1.3) 0.5 (1.0) 0.1 (0.3) 0.1 (0.3) 13.773  < 0.001
 Daytime dysfunction 2.7 (0.5) 2.8 (0.4) 1.7 (1.0) 2.3 (0.8) 22.616  < 0.001

PSQI total scores 17.1 (2.1) 12.7 (2.3) 11.5 (1.6) 7.3 (1.9) 247.357  < 0.001
Suicidal risk 14.3 (6.7) 15.4 (6.9) 11.3 (7.6) 11.6 (6.1) 9.498 0.002

Table 4  Binary logistic 
regression model for 
associations between four 
sleep classes and suicide risk 
(N = 301)

Suicide risk

OR (95%CI) P Adjusted OR (95%CI) P

Class-1 (Global sleep impairment class) 2.36(1.135–4.945)  < 0.05 2.64(1.211–5.766)  < 0.001
Class-2 (Poor sleep quality class) 2.72(1.222–6.087)  < 0.05 2.42(1.052–5.599)  < 0.001
Class-3 (Short sleep duration) 1.02(0.359–2.921)  > 0.05 1.16(0.390–3.499)  > 0.05
Class-4 (Good sleep quality) Reference
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symptoms of depression also experienced more sleep prob-
lems; this result is consistent with those of other studies 
[29, 30]. This association could be attributed to poor men-
tal health as a cause of sleep problems [31].

Our findings suggest that, in terms of suicide risk, 
Class-1 and Class-2 showed significantly higher levels 
than Class-4 (reference class). In fact, it might be pos-
sible for depressed individuals to substitute themselves 
for a short period of time from everyday issues, while a 
bad night’s sleep might make it impossible for them to 
get out of it unless they commit suicide. The Integrated 
Motivational Will Intervention (IMV) model suggests that 
a defeat/humiliation experience with no way out is a major 
factor in suicide attempts [32]. When individuals cannot 
use effective means, that is, good sleep or escape from 
unbearable life events, suicide is an alternative approach. 
Our findings also suggest that certain sleep variables may 
be weighted more heavily than others in predicting sui-
cide. In this study, although the total scores were close, 
Class-2 exhibited a higher probability of daytime dysfunc-
tion than Class-3, which may contribute to the relatively 
high risk of suicide in the former. Previous studies have 
demonstrated that daytime dysfunction, such as daytime 
sleepiness or difficulty staying awake during the day, is 
associated with depression [33], life stress [34], life dis-
satisfaction [35], and hopelessness [36], all of which can 
increase an individual’s risk of suicidal behavior. A poten-
tial explanation is that daytime dysfunction may lead to 
disrupted sleep–wake cycles and circadian misalignment, 
resulting in adverse cognitive and emotional consequences 
[37]. As the mechanism linking daytime sleep disturbance 
and suicidal ideation is still unclear, future studies need to 
investigate its relationship with mental and psychological 
health.

An interesting and thought-provoking finding was that 
although Class-3 reported significantly poor overall sleep 
quality (higher than the cut-off PSQI score), when com-
pared with Class 4 (reference class), there was no differ-
ence in suicide risk. This finding further demonstrates 
that the use of total scores is inaccurate for approximating 
which kind of patient is more likely to commit suicide. 
This is consistent with the perspective that the use of total 
scores could lead to disregarding information related to the 
heterogeneity of sleep problems in patients with depres-
sion [38]. A shared characteristic between Class 2 and 
Class 3 is their similar scores on the PSQI total; however, 
Class 2 reports worse sleep quality and greater daytime 
dysfunction than Class 3. On the other hand, Class 3 shows 
higher scores for sleep duration, indicating shorter sleep 
times. These observations are consistent with studies dem-
onstrating a strong relationship between sleep quality and 

quality of life (QOL), whereas the association with sleep 
duration is less robust [39, 40]. It would be relevant to 
explore the idea that the connection with overall sleep 
quality may be more significant than with sleep duration, 
particularly in relation to the central theme of the study 
on suicidal risk.

However, the current study has some limitations. First, 
we used a subjective sleep quality evaluation instead of an 
objective instrument (for example, polysomnography). As 
a result, there were no objective data on a number of sleep 
parameters. However, the PSQI has been reviewed to be 
more interpretable than other self-reported sleep measures 
and has been widely used in many studies. Second, due 
to the cross-sectional nature of the data, the relationships 
between heterogeneity of sleep problems and suicide risk 
were associations rather than causal links. In addition, the 
current study did not consider in depth the heterogeneity 
of the population with different levels of depression, and 
future studies need to conduct sensitivity analyses with 
different participants. Finally, the sample size of this study 
is relatively small and does not fulfil the EPV (Event Per 
Variable) requirement. Therefore the results may not be 
robust enough. However, considering that the number of 
study participants who possessed suicide risk was more 
than 70% and the results are somewhat interpretable, they 
are still presented. In future research, more comprehensive 
sleep assessments and longitudinal studies of depressed 
patients are needed, and it should be clearly recognised 
that suicide is a complex issue that requires more com-
prehensive consideration of biases caused by psychiatric 
disorders, life stressors, previous suicidal experiences and 
social factors to better understand the relationship between 
changes in various aspects of sleep and suicide.
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